Since Newton and Abraham (1956) announced the isolation of cephalosporin C, a second hydrophilic penicillinlike antibiotic from the fermentation broth of a culture of a Cephalosporium (I.M.I. 49137), there has been much speculation concerning the possible production of a series of new antibiotics similar to the ever-growing number of penicillins. The design and production of new semisvnthetic penicillins depended upon the preparation of 6-aminopenicillanic acid either by chemical means (Sheehan, 1958; Sheehan and Henery-Logan, 1959) or through fermentation procedures (Batchelor et al., 1959) . The structure analysis of cephalosporin C and the preparation of 7-aminocephalosporanic acid (7-ACA; Loder, Newton, and Abraham, 1961) from the parent compound similarly opened the way to new cephalosporins with, it was hoped, different biological and chemical activities. The same publication (Loder et al., 1961) that announced the preparation of 7-ACA also presented data on some new cephalosporins formed by N-acylation and noted that these cephalosporins differed in their antistaphylococcal activity and were relatively insensitive to purified Bacillus ce'eus penicillinase. The present report deals with the biological nature of a new cephalosporin (Chauvette et al., 1962) which has been assigned the generic name cephalothin. Chemically it is 7-(thiophene-2-acetamido) cephalosporanic acid (I). The structure is shown with the parent compound of the series, cephalosporin C (II). Scr-een. Tube dilutions were run serially in either Brain Heart Infusion broth (Difco) or Trypticase Soy Broth (BBL). When serum was used in a 50 % concentration, it was added to double-strength broth.
The gradient plate screening method was essentially that of Bryson and Szybalski (1952) . The method of culture treatment and streaking were rather critical for reproducible results. Preparation of the inoculum for the gradient plate when staphylococci were used was that described in a study of levopropylcillin (Godzeski et al., 1961) . All inocula of gram-negative organisms for use in gradient plates consisted of 1:50 dilutions of overnight cultures in Brain Heart Infusion broth. The final dilution was made in 0.25°;% agar to minimize spreading on the plates. Antibiotic and serum were incorporated in the bottom layer of the gradient plate. Diffusion complications were not noted, and, since the results were always considered in relation to control plates that were tested simultaneously, differences noted between the antibiotics were considered valid.
The penicillinase-stability tests used either Riker Abraham and Newton (1956) . The induction of penicillinase formationi by cephalosporin C noted by Abraham (1957) is hereby confirmed. Cephalothin is also a penicillinase inducer. High enzyme production from resistant staphylococci was noted when subinhibitory levels of cephalothin were added to a growing culture. Resistance development was attempted, using the standard serial dilution method, with transfers from the tubes containing the highest antibiotic concentration showing growth of the test organism. To allow maximal growth development, the last tube showing growth was transferred twice at an equivalent antibiotic concentration before a transfer was made into a higher concentration of antibiotic.
RESULTS
It has been stated (Abraham, 1957) Table  2 were obtained using the gradient plate method.
The effect of serum on cephalothin was measured by the gradient plate method (Table 3) .
The importance of the test method utilized for evaluating antibiotics was demonstrated by using three commonly recommended test systems. The results are summarized in Table 4 .
Experiments concerned with the property of penicilinase stability of cephalothin were conducted using both a staphylococcal penicillinase and a bacillus penicillinase. For the latter, penicillinase A (Riker Laboratories, Inc., Northridge, Calif.) was used at a concentration of 5,000 units per ml per 0.1 mg of antibiotic. The method for staphylococcal penicillinase preparation is given in Materials and Methods. The degradation curves are presented in Fig. 1 . For comparison, the degradation curves of cephalosporin C nucleus (7-ACA) are shown in Fig. 2 . It was noticed that 7-ACA slowly decomposes under these conditions.
The antimicrobial activity of cephalothin was somewhat variable with pH; this variability was no greater than that experienced with other antibiotics. The test system used was the Brain Heart Infusion tube dilution method, and it was chosen so that the greatest degree of variation would appear (see Table 4 for comparison of test methods shown in Table 5 . It was noted that variation in the apparent activity was dependent upon organism, pH, and inoculum size.
The effect of inoculum level was investigated by two different test methods. The gradient plate system provided satisfactory answers to the question of adequate antibacterial activity at high levels of inoculum, but the results were checked by the Brain Heart serial tube dilution method. The data are summarized in Table 6 .
The chemotherapy of staphylococcal infections is a recurrent problem because of the apparent ease of expression of adaptive mechanisms in this genus. Using penicillin-resistant staphylococcal cultures, essentially no resistance to cephalothin or methicillin (Bunn and Amberg, 1961; Rolinson et al., 1960) was induced by routine laboratory procedures employing Brain Heart Infusion medium. Resistance to oxacillin (5-methyl-3-phenyl-4-isoxazolyl penicillin, obtained from Bristol Laboratories; Gourevitch et al., 1961) was induced under these same conditions, although not readily. Development of resistance to methicillin was rapid (100 ,Ag/ml in five transfers) if the medium contained 50 % serum, but the addition of serum did not allow classical resistance development to cephalothin. It was noted, however, that when the culture was made resistant to more than 100 ,g/ml of oxacillin the organism was also resistant to methicillin and to cephalothin. Comparative data, obtained by the serial tube dilution method in Brain Heart Infusion medium, are presented in Table 7 .
There was no indication of increased resistance on the part of the V-6 oxacillin-resistant culture to vancomycin, tetracycline, chloramphenicol, or tylosin. The cross resistance was not unique to culture V-6, as another penicillin-resistant culture, strain H239, gave identical results. Penicillin-sensitive staphylococci such as Staphylococcus aureus 209P did not develop resistance to oxacillin as readily nor to as great an extent as did penicillinresistant staphylococci. The highest level of resistance to oxacillin that was developed by S. aureus 209P was 50 Ag/ml.
The cross-resistance studies had another interesting facet. The mechanisms of resistance to oxacillin and cephalothin in culture V-6 may differ. Oxacillin-resistant V-6 cells were grown overnight in broth containing 100 Ag/ml of the antibiotic. The cells were centrifuged at 18,000 X g, and the supernatant solution was tested for voL.11, 1963 t Overnight culture in Brain Heart Infusion medium diluted 1:100; 0.05 ml used to inoculate 4.0 ml of medium. DIsCUSSION Cephalothin has a broad spectrum of antibacterial activity, although individual organisms varied in their response to the antibiotics and to the various components in the test medium. The entire concept of serum inactivation, for example, is based on the fact that the MIC of many antibiotics is elevated in the presence of serum. It must be emphasized, however, that this is dependent upon the microorganism used in the test system. Even though it is bound physically or chemically, or both, to a serum component, an antibiotic may still be very active against some bacteria. Penicillin G shows some apparent serum inactivation when measured by S. aureus inhibition, yet no inactivation is apparent in a B. subtilis assay. The data presented in Table 3 show that penicillin G is not inactivated by serum if the test organism is staphylococcus V-41 or if it is one of the gram-negative organisms like N-9. Rat serum appears to have a specific effect on the cephalothin gram-negative test system. No explanation can be offered at this time. The inhibitory concentration of cephalothin against penicillin-resistant staphylococci grown in Brain Heart Infusion broth was higher than that reported for the gradient plate system. The relative activities were consistent with those reported for the gradient plate test.
Each of the test procedures used to obtain the data shown in Table 5 has been used in many clinical laboratories, and antibiotics have been evaluated on the basis of the resultant MIC values. From the results in our laboratory, it would be very difficult to pick the definitive test procedure that should be used (e.g., examine the figures for cultures N-6, N-22, and N-26 in Table 5 ). In this laboratory, the gradient plate test was the most satisfactory for demonstrating differences between closely related antibiotics. The gradient plate method determined an MIC value and gave some indication of the nature of the inhibition of the microorganisms, as demonstrated by the sharpness of the end point at the termination of the streak. Tailing, persisting colonies, skip zones, and the general appearance of the growth along the streak were taken into consideration when antibiotics were compared by the gradient plate method, whereas a tube dilution method yielded only plus-minus growth information.
Plus-minus growth data are meaningful when the complete conditions of medium-inoculum-preparationi are known, but are not very meaningful without this information.
There was a slow loss of activity when cephalothin was incubated with the crude staphylococcal penicilliniase preparation, but it was not determined whether this was due to contamination with a "cephalosporinase." Oxacillin showed the same degree of destruction with this penicillinase preparation. The degradative attack was, however, nothing like that demonstrated against penicillin G. Although the end poinlt varied with changes in inoculum size, cephalothini was very active even at high inoculum levels. The small variation noted may possibly be ascribed to destruction by a type of penicillinase. This has been stated by other workers (Steinman, 1962) to be the reason for changes in inhibitory level with inoculum in penicillinase-producing staphylococci.
Cephalothin activity did not vary with pH of the medium. A slow inactivation of cephalothin is not explainable on the basis of a pH effect.
While staphylococci did niot develop resistanice to cephalothin in vitro, the gram-negative group of organisms developed a stepwise resistance on successive tranisfers. This was examined using E. coli and Klebsiella pneumzoniae. Whether or not resistance development will be of clinical importance is unpredictable.
Complications arise in the evaluation of the laboratoryinduced form of resistance in that transitional L-phase organisms may be formed by the action of antibiotics and serum. In tests for bactericidal activity of an antibiotic in the presence of serum, consideration should be given to the possible presence of L-phase bacteria. Kagan, Molander, and Weinberger (1962) reported on L-phase induction with methicillin using conditions different from those reported in this paper. L-phase induction by antibiotics in the presence of serum is the subject of another communication from this laboratory.
The cephalothin molecule has obvious merit in view of the properties discussed. The longer chemotherapy is practiced, however, the higher the philosophical goals become. It seems strange to consider the fact that penicillin G, if discovered today, would not pass the tests that many laboratories are now using as standards for potentially useful antibiotics. Laboratories are also confused about the test methods to be used and how to correlate the in vitro methods with clinical effectiveness. Clinical evaluation of an antibiotic is another area in which many standards have yet to be fashioned. At times, it seems that each laboratory and hospital has its own set of criteria against which each anitibiotic must be examined. It is not claimed herein that the gradient plate system, serumcontaining broth methods, high or low inoculum levels, composition of media, or the inoculum preparation procedure are of priinary importance. All of these factors are equally involved in the experimental results obtained. ADDENDUM Sinice the studies discussed in this paper were completed, Barber and Waterworth (1962) have published a report concernied with one cephalosporin derivative, phenylacetyl-amino cephalosporanic acid thiouronium, which was prepared by Glaxo Laboratories.
